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Objectives 
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• Demonstrate how nonlocality arises in a simple material system. 

• Derive a peridynamic model from a micromechanical model. 

• Show that nonlocality makes a difference in a macroscopic experiment. 



Nonlocality and homogenization 
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• Weak nonlocality appears in certain approaches to homogenization. 
Examples: 

• Beran and McCoy (1970) 

• Gambin and Kroner (1989) 

• Typical result is that as the periodic length scale gets small, the homogenized 
equations include a length scale of the same order. 

• Present work: 

• Seek a mechanical view of nonlocality. 

• Don’t rely on convergence or asymptotics. 

 

 



Layered composite 
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Traditional approach 
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Micromechanical model 

6 

Compliant 

Stiff 

2ℎ𝑐 

2ℎ𝑠 

𝑥 

𝑦 

𝑢𝑠 𝑥  

𝑢𝑐 𝑥, 𝑦  



Equilibrium between phases 
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Smoothed displacement field 
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Solve ODE for 𝑤 
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Jump in smoothed strain 
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Find smoothed stress 

11 

Local term 
Nonlocal term 



Equation of motion in terms of 
smoothed displacement 
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Can we avoid the local term? 
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Nonlocal length scale 
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Physically nonlocal term 



Are composites nonlocal? 

 Open hole tension in a fabric laminate: 

 FEM agrees with anisotropic local theory in predicting the stress concentration near the hole. 

 Both overpredict the stress concentration. 
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Source: Toubal, Karama, and Lorrain, Composite Structures 68 (2005) 31-36 

Electronic speckle interferometry (ESPI) 
measurements of strain through the ligament 

Ligament 

5mm diam 



Are composites nonlocal? 
 Peridynamic model is more accurate than the local model for predicting stress 

concentration in a laminate. 

 ℎ𝑠 = ℎ𝑐 =0.4mm,  𝐸𝑠 = 150GPa,  𝜇𝑐 =4GPa. 

 ⇒ 1 𝜆 =  1.41mm. 
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Emu 𝛿=2mm 

Data of Toubal, Karama, and Lorrain, Composite Structures 68 (2005) 31-36 

EMU: contours of longitudinal stress 
Horizon = 2mm 



Discussion 
 The modeling decision to use a smoothed displacement field introduced 

nonlocality. 

 Constraining the mean displacement 𝑢  allows the phases to wiggle 
relative to each other. 

 The nonlocal term vanishes if the strain is uniform. 

 It becomes important if strong gradients are present. 

 The length scale for nonlocality involves the material properties as well as 
the geometrical length scales. 

17 


